Abstract: The theft of plant and equipment is a significant problem in the construction industry. In the United Kingdom, it is estimated that the cost of theft of construction plant is around £500 million. However, the focus of attention has been the effects of plant theft to the construction industry rather than the causes. Determining the significances of the causes of plant theft will enhance the development of appropriate strategy for mitigating theft. Therefore, the purpose of this paper is to present an analysis that was carried out to measure the significances of identified factors related to the theft of construction plant. The contribution indices and probabilities of contribution of the factors were derived in the analysis. The analysis shows that the highest contributing factor to plant theft is site location.
INTRODUCTION
Since large number of materials, equipments and personnel are involved in construction activities, the issues of theft and provision of adequate security become very important. Amateur opportunists, professional thieves and a few construction operatives are involved in construction theft. Amateur opportunists may take away generic building materials such as plywood, lumber or ladders for use in their own houses and not return these. Professional thieves may steal items that can be resold in an unregulated second-hand market, such as ceramics, tiles, faucets, toilets, doors and windows. Finally, operatives (site workers) may be more likely to take tools and small equipment or items that require some skill or effort to remove (Boba and Santos 2006) . Although theft is applicable to all materials and equipment, the main target of thieves is often an item of plant. In some literature, plant commonly refers to any item capable of doing physical construction work which might range from smaller tools such as hand drills to larger items such as selfpowered machinery (Day and Benjamin 1991; Edwards et al. 2007; Sullivan et al. 2010 ). In the context of this paper, plant specifically refers to heavy machinery such as self-powered or driven mobile machinery while equipment refers to non-driven portable tools such as mechanical hand tools (TER 2009 ).
The construction industry of United Kingdom (UK) suffers annual plant theft losses in excess of £500 million (CITS 2011) . The problem of theft on construction sites is not limited to the UK alone. In the United States, it is estimated that the construction industry loses approximately $1 billion annually due to theft (Sharma and Bausman 2009) . One motivation for plant theft is that it is often perceived by perpetrators as a low-risk and high-financial gain activity (Carmichael et al. 2007 ). Most available reports on construction theft focus on high-cost events. For example, national construction theft records such as The National Plant and Equipment Register (TER) does not usually record items valued less than £1500 (TER 2009 ). Many construction firms do not report the theft of items that are valued less than the company's insurance deductible amount. Since the value of construction equipment is high, such losses are reported to the police and therefore, there are more accurate statistics on equipment losses as compared to material losses (Donkor 2008) .
The processes involved in plant theft include identification, access, activation, removal, processing, transportation and resale ). Once stolen, equipment is rarely recovered and rates of plant recovery in the UK have been in the region of 5% compared to 70% for other vehicles such as cars (Sturmey 2010) . Poor recovery rates of stolen plant are blamed *Corresponding author. Email: o.o.fadiya2@wlv.ac.uk on difficulty of identification and lack of immediate police response (Thatcham 2011) . It is reported that the Police frequently fail to understand the implications of plant theft to the construction industry which include delays to time critical projects, cost of replacing stolen plant and hiring alternative, higher insurance premiums, loss of man hours, and others (PANIU 2010) . A survey carried out by Smith and Walmsley (1999) shows that construction plants' theft risk is at 26 per 1000 which is considerably higher than that of road-going vehicles over the same period (18 per 1000). They further suggested that the annual cost of theft to construction could be in excess of £600 million. TER (2009) records 3,678 plant thefts at a value of £36 million with a recovery rate below 5%. Allianz (2011) stated that insurers' records indicate theft of construction plant to be over 24,000 pieces of equipment with a depreciated cost of equipment stolen per annum of £70 million. Plant theft victims pay £7500 per theft from loss of productivity, hire of alternative plant, etc., and if the stolen plant is recovered, the victims pay "openended" recovery and cross-hire costs (KOSRAN 2011) . While these costs of plant theft are considerable, the true value of stolen plant is likely to be more than double because of under-reporting. This is mainly due to the fact that less than 40% of plant is insured (Gregory 2007) .
The calculations of the financial losses of plant theft vary significantly for reasons such as inaccuracy in valuing stolen plant, differences in valuation methods (depreciated or new-for-old) and whether indirect costs are included or not (Carmichael et al. 2007 ). The direct costs of plant theft are replacement value (newfor-old) and residual value (depreciated) while the indirect costs include emergency cost, hire replacement cost, productivity loss, increased labour cost, loss of goodwill, administration cost, increased insurance premiums and social costs such as dealing with trauma and stress ). While much attention has been paid to the costs of plant theft, little has been done in identifying the specific factors related to it. A survey conducted in Australia by Sakurai et al. (2008) discovered that the decision to report a theft on construction site is determined only by the value of theft. In addition, research has been focussed on the effect of plant theft without really analyzing the causes (Berg and Hinze 2005; TER 2009 ). The lack of research work in the evaluation of the contribution of different factors related to plant theft prohibits the use of knowledge-based key indicators in guiding decision making or the development of appropriate strategies for plant theft mitigation. Hence, the aim of this paper is to present an analysis of factors related to plant theft so that key indicators can be derived. It is envisaged that the identification of such key indicators will enhance targeted effort in minimising plant theft risk and cost of theft to the construction industry. It is also expected that the outputs presented in this paper may be useful in future application for quantitative estimation of the contribution of the factors to the costs of plant theft. The subsequent contents of the paper are sectioned as follows: the research methodology which includes identification of theft factors, elicitation of contractors' perceptions of theft factors and data analysis is presented in section two. Discussion of the analysis results is presented in section three. Finally, the paper concludes with a summary of the findings and reports on the extent of contribution of the identified factors to construction plant theft.
RESEARCH METHODOLOGY
The methodology was quantitative in nature because the focus of this study is to measure the significance of the factors related to plant. The process adopted for implementing the study comprised of the following stages:
1. Identification of factors contributing to plant theft; 2. Elicitation of contractors' perceptions of the factors of plant theft; 3. Quantification of severity and frequency of the factors of plant theft; and 4. Statistical analysis of the severity and frequency of occurrence of the factors.
Factors of Plant Theft
Thorough literature review of previous studies indicated that five major factors contribute to plant theft i.e., lack of adequate plant security, lack of adequate site security, plant size, plant mobility and site location (PANIU 2010; TER 2009; Thatcham 2011) . CITS (2011) stated that remote locations, poor site security and availability of high value equipment in the open increase the risk of plant theft. Size of plant is a significant issue concerning theft given that modern technology is producing more compact plants that are easier to steal (Sturmey 2010) . A survey conducted by Smith and Walmsley (1999) indicated that the risk of theft fell as the size of plant increased; the theft-risk of small driven plant was 22 per 1000 compared with 6 per 1000 for large plants. These foregoing views and findings clearly indicate that the aforementioned factors contribute to the risk of plant theft. Therefore, a research survey was carried out to elicit the perceptions' of building contractors on the contributions of these factors to plant theft. Contractors were selected as a target sample because they have been described as some of the principal financial victims of plant thefts (Gregory 2007) .
Elicitation of Contractors' Perceptions of Plant Theft Factors
A Likert scale was adopted in a structured questionnaire to measure the opinions of building contrac- Figure 1 . Rates of contribution of factors to construction plant theft tors on the severity and frequency of plant theft factors. Likert scale is an acceptable way of eliciting the strength of opinions using numbers to represent implicit meanings as applied by Carmichael et al. (2007) , Jennings and Holt (1998) and Assaf and AlHejji (2006) . In this study, the respondents were invited to score their perceptions of the factors presented to them on a 5-point scale. The 5-point scale was adopted to measure the contribution of the factors ranging from none to extreme. Two attributes were assessed in this way namely the severity of a given factor and its frequency of occurrence. For severity measurement, the scale was: 1 (None), 2 (Little), 3 (Moderate), 4 (Great) and 5 (Extreme). For frequency measurement, the scale was: 1 (Never), 2 (Rarely), 3 (Sometimes), 4 (Frequently) and 5 (Always). The questionnaire was divided into two parts: The first part sought nominal data such as background of respondent, size of the company and project's catchment area while the second part sought to measure the severity and frequency of plant theft factors. An example of a question (and practical response to the questionnaire) concerning the severity of plant theft is shown in Figure 1 .
The survey sample was selected to achieve a representation of building and civil engineering contractors in the UK. Contacts were obtained from the KOMPASS online database, which is a business to business search engine for companies including building and civil engineering contractors. The online database has records of about 8356 large and medium construction companies in the UK. The sample strata considered the size of contractor (by annual turnover and headcount) and catchment area of their operation. The targeted contractors were mainly large and medium size companies who can deploy substantial number of plants and equipment on large building construction sites. The aim of the second stratum of catchment area was to obtain opinions across board from contractors that operate regionally and nationally (Jennings and Holt 1998) .
Of the randomly selected sample of 220 questionnaires sent out, 55 were returned with 51 (23.1% of the original sample) fully completed and 4 uncompleted. According to De Vaus (2002), small sample size will suffice in a homogeneous population in which most people will answer a question in the same way. Also, the more uniform and consistent a population is, for a research purpose, the smaller a sample may be in number drawn from it (Carmichael et al. 2007 ). Therefore, a small sample size of 220 was chosen because the population of building and civil engineering contractors from which the sample was drawn was expected to be uniform and consistent given the uniformity of the expertise of the contractors over their years of working experience. Tables 1, 2 and 3 show the profiles of the respondents and the classification of the companies on whose behalf they responded. About 75% of the practitioners that responded to the questionnaire are directors and managers. These are expected to be decision makers who understand the implications of plant theft to the construction industry. Also, Table 2 shows that 76.47% of the respondents have over 20 years work experience which means the respondents are professionals who have deep knowledge of the factors that contribute to construction plant theft. In Table 3 , 68.63% of both national and international (UK and abroad) show that the operations of majority of the responding companies cut across the country and the respondents will understand the levels of construction plant theft from region to region. Companies whose annual turnover is greater than £43 million and headcount is greater than 250 are classified as large scale. Those whose annual turnover greater is than £8.5 million but less than £43 million and headcount is greater than 50 but less than 250 are classified as medium scale (Verheugen 2005) . Table 3 shows that 74.51% of the responses were from both medium and large scale companies and these are expected to execute big construction projects which require a large number of plants and equipment.
Quantification of Severity and Frequency
The questionnaire responses were analysed using ordinal logistic regression to derive the probabilities of severity and frequency of the contribution of the factors to plant theft. The probabilities of individual scores were calculated in SPSS by using the predicted probabilities as the dependent variables and Class (Contractor) as the independent variable. An example of the output of probabilities of categories for the severity of "lack of adequate plant security" is shown in Table 4 . The probabilities for the five factors were combined to derive the severity and frequency indices. The probability of category 1 was excluded because it represented "None" or "Never" on the likert scale.
The severity (S j ) and frequency (F j ) indices of the j-th factor were derived using the formulae:
where i is the rating assigned to each factor by respondents (i ranges from 1 to 5 as shown in Figure 1) ; m i is the number of respondents that chose rating i for the severity; n i is the number of respondents that chose rating i for the frequency; w i is the weight of rating i; and N is the total number of responses.
As an example, the probabilities of categories for the severity of "Lack of adequate plant security", shown in Table 4 , were combined to derive the severity index as follows: The severity and frequency indices of all the factors contributing to the theft of construction plant are shown in Tables 5 and 6 respectively.
While the severity index is a measure of the extent of contribution by a factor and frequency index is a measure of how often the factor occurs, the contribution index is a measure of the significance of the factor. The contribution indices of the factors of construction plant theft, shown in Table 7 , were obtained by multiplying the severity indices with their corresponding frequency indices. This is similar to the method adopted by Assaf and Al-Hejji (2006) , i.e.:
where C j is the contribution index of j-th factor (i.e., the probability index).
The probability of a factor contributing to plant theft is the product of its probability index and the contribution index. It is a measure of significance and priority to be given to a factor when devising strategy for minimising plant theft. This is analogous to the determination of a risk priority number as a metric for evaluation in failure mode effects and criticality analysis (FMECA) as described in Blanchard (2004) . In this regard:
where P c is the probability of contribution to theft; and f is the number of factors.
Also, the rates of contribution by the factors in Table 7 were derived by dividing each contribution index by the sum of all the contribution indices. The rates obtained are graphically presented in Figure 2 .
Statistic Analysis of Severity and Frequency
In addition to the typical values derived in section 2.3, the significance of the statistics and the relationships between the variables were examined using Chi-Square, Kruskal-Wallis and Spearman's rank tests.
Chi-Square Test
Significance level testing is estimating how likely the sample pattern will hold in the population. The test starts by assuming a particular pattern in the population (null hypothesis). A significance level is typically set at 0.05, but sometimes it can be adjusted to as low Table 7 . Rates of contribution for factors related to plant theft
Rates ( as 0.01 or as high as 0.1 based on the tolerance for the two types of error (i.e., rejecting the null hypothesis that is true or not rejecting the hypothesis that is false) (Mirabella 2006). The appropriate inferential statistics for ordinal data are non-parametric tests such as chi-square, spearman's Rho, or Mann-Whitney U-test (Jamieson 2004 ).
For the purpose of this study, the Chi-Square test was employed in order to analyse the percentages in the population for all the categories (1, 2, 3, 4 and 5) of the severity and frequency of the factors. The null hypothesis was:
H 0 : The percentages of all categories of each variable are equal in the underlying population.
The Chi-Square tests results for both severity and frequency of the factors are shown in Table 8 . It shows that there are differences between the expected percentages of categories (equal percentages) and the observed percentages of categories (unequal percentages). These differences between the observed and the expected are significant and not due to chance. Although plant size had significance 0.05 < p < 0.08; this statis- tic is still below p < 0.1 adopted for this study. This implied that there was enough evidence to reject the null hypothesis.
Kruskal-Wallis Test
In order to observe any significant difference among the mean ranks of the independent variables (i.e., selection attributes) and further demonstrate the reliability of the sample, the Kruskal-Wallis test was conducted on the severity and frequency of the factors. KruskalWallis test is a non-parametric equivalence of analysis of variance for independent variables that are more than two. The null hypothesis is described as follows:
H 0 : The independent factors have equal mean ranks in the underlying population.
The results in Table 9 show that there are significant differences in the mean ranks of the severity (χ 2 = 15.722, p <0.01) and frequency (χ 2 = 12.2, p <0.05) of the factors respectively. Hence, the null hypothesis should be rejected. The outcome of the Kruskal-Wallis test supports that of the chi-square test which earlier recommended the rejection of the null hypotheses.
Spearman's Rank Correlation Test
Spearman's rank correlation is a non-parametric test which does not require the assumption of normality in the population. The test compares medians rather than means and this makes it appropriate for the ordinal data gathered in this study (Jamieson 2004 ). Spearman's rank correlation was used to test the association between the frequency and severity of contribution of factors to construction plant theft according to the formula:
where d j is the difference in the ranks given to the two variables of j-th factor, n is the number of pairs of ranks, and r s is the Spearman's rank correlation coefficient.
The correlation coefficient, a measure of relationship between a pair of variable, varies between +1 and -1 where +1 means a perfect positive relationship between Figure 2 . Rates of contribution of factors to construction plant theft The results in Table 10 show that there is association between the severity and frequency of each factor in the underlying population since their correlation coefficients are higher than zero. Hence, the null hypothesis of no association should not be accepted. However, the low correlation coefficients mean there is no strong correlation between the severity and frequency of each factor. This outcome of the correlation test can be interpreted that a highly severe factor is not necessarily a highly frequent factor.
DISCUSSION OF RESULTS
The two significance level tests (Chi-square and Kruskal-Wallis) and Spearman's rank correlation test recommended that the null-hypotheses be rejected. This demonstrates the consistency of the sample and shows that the results of this study are reasonably reliable.
The results of this study support the data in TER which indicates that the number of plant thefts varies significantly from region to region TER (2009) and Smith and Walmsley (1999) which shows that the number of thefts varies by plant size, plant mobility, site security and site location. However, this analysis shows the significance of each factor. Site location has the highest significance among the factors contributing to construction plant theft because it has the highest probability and rate of contribution.
The probabilities of contribution, P c shown in Table 7, help to determine the priorities that could be given to the factors related to plant theft when devising measures to mitigate the theft of construction plant. The results show that the highest priority should be given to site location which has the highest probability of 0.107. This indicates that security measures will vary from site to site depending on the theft rate of the site location and such figures as rates of plant theft in regions across UK are available in TER.
CONCLUSIONS
Theft of construction plant is a major concern in the construction industry with its risk considerably higher than that of road-going vehicles. The problem is exacerbated by a poor recovery rate of 5%. The study presented in this paper focused on the causes of construction plant theft and deviates from previous studies on which dwell on the effect of theft. The paper has presented the derivation of the contribution indexes and the probabilities of contribution of the identified factors that relate to plant theft. The results show that site location which contributes most to construction plant theft should be given that highest priority. In a future analysis, the statistics, such as rates (see Figure 2), derived through this study will be applicable for the purpose of estimating the cost of theft contributed by each of the factors given the annual value of plant theft which is annually updated in TER. Such costs will be useful to estimate the benefit of any measure that can reduce the risk of plant theft by mitigating the contribution of these factors to plant theft.
